Soluble cytokine receptors as carrier proteins: effects of soluble interleukin-4 receptors on the pharmacokinetics of murine interleukin-4.
Soluble interleukin-4 (IL-4) receptors (sIL-4R) can have either enhancing or inhibitory effects on the activity of IL-4 in vivo, depending on the relative concentration ratios of sIL-4R to IL-4. Whereas competition with membrane IL-4 receptors is the basis for their inhibitory action, the mechanisms responsible for the potentiation of IL-4 activity are not completely clear but may involve alterations in the half-life and biodistribution of IL-4 in vivo. To better understand the basis for the enhancing effect of sIL-4R, we have analyzed their effects on the pharmacokinetic properties of IL-4. Studies with radiolabeled recombinant IL-4 demonstrated that, when injected alone, IL-4 was rapidly cleared from the circulation and eliminated through the kidneys in a proteolytically degraded form. Administration of IL-4 in combination with increasing concentrations of sIL-4R resulted in a dose-dependent enhancement in the blood levels of IL-4 and a concomitant reduction in its clearance from circulation and excretion in the urine. Differences between measurements of IL-4 concentrations based on radioactivity and enzyme-linked immunosorbent assays indicated that the injected IL-4 was rapidly inactivated in vivo and that the presence of sIL-4R diminished this process. The inactivation of IL-4 was mediated through the membrane IL-4 receptors and required receptor internalization and intact lysosomal function. Taken together, these results suggest that sIL-4R are able to alter the pharmacokinetic properties of IL-4, prolonging its half-life in the circulation and reducing its clearance through diminished renal excretion and/or interference with inactivation. These effects are consistent with the ability of sIL-4R to potentiate IL-4 activity in vivo.